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I. INTRODUCTXOW 
This report surmrerizes the er for ta  durlng the third quarter of a one-year re- 
eearch grogran, whose prbclpal objective is the demnstratlon of f eas ib i l i t y  
and advanccxmt ef the vortex ME0 power generator cgncept. 

E3cpcrlarcmttalcfYorts have concentrated on providing instrumentation f o r  the 
vortex MHD generator t e a t s  and also for t h e  vortex chamber a-ygewatus to he 

employed in a detailed study or turbulent vortex flow. 

Analytical e f f o r t s  included the undertaking of a study t o  apply recent theorlea 

or nonequillbrium and Hall effects  t o  tbe vortex MHD generator. The poesibl l i ty  
of controlliog t h e  Hall currents by cancellation with aoinuthal  currents induced 
by the radial component of fluid flow also is being considered. 

XI. S m Y  

The experip#ntal model of ,the vortex MID generator and i t a  auxi l lsry apparatus, 
including lnatnxnrentation, have been prepared f o r  initial testing and evaluation. 
A device for seeding the  plasma by atomizing and indecting cesium hydroxide into 
the a rc  heated argon was developed. 

I 

A gas dilut ion calorimeter was constructed far the purpose of determining enthalpy 
l e v e b  of the pbenm supplied t o  and d i schs rg iq  fromthe vortex generator. 
operation was euccessful i n  a tr ial  test, 

Its 

The water-cooled copper nOZZle8 developed for the vortex generator were operated 
uLlLlcc naxizrua power conditions and dlscbsrglxq into the atmaphere. 
oration of the nozzles was evidenced and the  operation othemise appeared sat ie-  
factory. 

..-a - -- No deter i -  

I n s t h n t a t i o n  for the  vortex flow apparatus vas completed. Initial operation 
of t h i s  f a c i l i t y  revealed same minor problems which have been, or aoon w i l l  be, 
corrected. 
factory. . 

The performance of the vortex chamber device is expected to be satis- 

A p l ~ a l l m r n a r y  study of Hall current suppression in the vprtex MLID generator re- 
vealed the conditions under which Hall effects  can be u s e f i l l y  emgloyed ar, on 
the other band, be diminished in  t he i r  degrading influence. 4 d - i - t o t e  
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111. ITSS OF PROGRESS 
1. Vortex Generator Expe riments 
Vortex Generator Model. 
assembled w i t h  the necessary internal e l ec t r i ca l  connections and internal  instru- 
menation. The e lec t r i ca l  connections consist of two tantalum strips, each 
resistance welded t o  the outer tungsten electrode and then bolted t o  the stainless 
steel generator frcune. Diff icul t ies  encountered in resistance welding were over- 
cane p r i m r i l y  by cleaniag the surfaces t o  be Joined with a hydroxide solution 
and us- w e l l  prepared welding electrodes having a good surface finish t o  pre- 
vent electrode-to-work piece sticking. No intenacdiate f o i l  was employed a8 1s 
often the case f o r  Joining refractory metale because of the re lat ively l o w  melting 
ten@erstuns of the resulLi.n& bond. 
t u ra l ly  adequate although not t o  the s m  degree that I s  possible v i th  non-refractory 
=tala. 
operat ion. 

h e  sxperim?ntal model df the vortex E4ND generator was 

The weldments produced seemed t o  be struc- 

The real proof of adequacy mst await the  r e s u l t s  of the i n i t i a l  generator 

The internal  instrumentation of the generator include: 
and back pressure ports; radQ%tion shielded W - W/.26 Re thermocouples located on 
the outer surface of the tungsten electrode ring; C/A thermocouples mounted a t  the 
interface of the HgO'and Zfi2 sidewall insulators and a l so  a t  the interface between 
the Z r 0 2  insulator and soft iron sidewall cover; C/A thermocouples cemented into 
the  inside surface of  the  generator frame; and finally W - W/.26 Re themu3couples 
loc8ted in  the flanged section of the graphite exhaust tubes and adJacent t o  the 
tungsten overlay which forms an electrode surface. 
l a t t e r ,  all of the thermocouples are located such that r a d i a l  and azimuthal vari- 
m u A u ~  .3+ 4 r._" 

ductances of the  various insulators. 
purposes of meaeuring t h e  temperature rise of the air streanm which externally 
cool the generator, 

nozzle upstrea~l static 

With the exception of the 

i;; +,ez=ereb~re ce.z ?x dcr+.ey?n_lmd as well 8 8  the heat flux or  thermal con- 
Other thermocouples have been installed f o r  

The various gss metering system required fo r  8 generator t e s t  were installed 

and calibrated by a laminar $low meter of 0.5 per cent accuracy. 
metering elements are choked nozzles which are furnished with the  necessary 
temperature snd pressure gages, These system provide the metering and control 
of priarZyy end secondary (for seed inJect1on) argon flows t o  the lndicidual arc 
heaters and nozzles, and air cooling flows f o r  the generator sidewalls and periphery. 

The prinaary 
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A water-cooled copper nozzle of the vortex generator was tested by operetlng it 
w u h  nnxhaun axc heater Input power of 60 KW and discharging into the atmosphere?. 
The water tex8peratuz-e rise was 2 5 7  for 3.2 gpm flowing under a head of 45 psM, 

Heat dissipation in the nozzle was thus 12 KU. Operation under these conditions 
f o r  four minutes did not produce any deterioration of the nozzle. ConsequentJy, 
satisfectory operation of the  nozzle can be expected f o r  generetor operation. 

A seed injection llrechanirrm w e 6  developed and operated for trial purposes by 
dischargiDg seed solutions, conslating of concentrated aqueous solutions of 
cesium hydroxide, into the etmsphtre. 
vhereby two diametrically opposed etrearns of seed solution are directed perpen- 
dicular ly  into a high velocity j e t  af argon. 
then ducted into the generator nozzle mixing chamber addecent t o  the front  
electrode or i f ice  of an arc heater. Subsequent m i x l n g  of tbc iraplnging spray 
and arc heated argon produce the required pbePol. Operation o f  the W e c t i o n  
nwxhanism in conjunction with t h e  generator nozzle gave no vi8ible M i c a t i o n  
of disto&ion of the nozzle jet .  

The device consists o f  an arrangement 

The result ing starmized spray is 

Modifications have been completed which adapt the previously wed generator 
mPgnet structure t o  the =re extensive requimaents of the new generator. The 
principal change was the incorporatien of coolant passages, f o r  aontrol of the  
generator sidewall heat flux, into the =@et pole aaps . Meaeurement of the 
field intensi ty  produced with the correct generator gap spacing indicated a 

field intensity of 6,000 gauss a t  incipient saturation and a rpaximue devirrtion 
of five per cent fraar the  man field strength throughout the ent i re  generator 
cavity volume. 
coil currents but only could be maintained f o r  short periods (up t o  one minute) 
before excessive coil heat- occurred. The limitation In field strength is 
caused pr-rily by insufficient core area arzd consequently iron saturation. 

Fields of 8,000 gauss were obtained a t  comiderebly greater 

Generator Externel Instrumentation. Tbe control and data record lq  equipment 

recplred for test- the generator has been inatallel and checked aut. 
show8 t h i s  equigascnt located in the generator test area. 
be Indicated an8 recarded include the generated voltagc and current, applied nrsg- 
notic field, and appropirate generator compcment tsPgnrat~m6. The data recordera 
include both hlgh speed and low aped  print out cquipmmt. 

Figure 1 
PaFamoters vhich w i l l  
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A prelfminrary operatianal check was perf‘omd v i th  the gae dilution 
Intended f o r  the determination of plasm enthalpy. Its perfona;unce 

calor *tar 
was very 

satisfactory from the standpds& of both s t ruc tura l  capability and thorough 
lpixing of gas otreamc, A typical r e su l t  indicated a conversion efficiency of 
the  arc heater and nozzle combinntion of 63 per cent for an input power of 20 i(w, 
In t h i s  case, the man argon jet terqpemturo of 5 3 0 T  m6 oubsequently reduced 
to ls00”F by dilut ion of the argon with nitrogen. 

2. 
w r l m 3 n t a l  hogram . 
gressure and leak tested, silenced, and several preliminary z k s  vere m%ie t o  

Hydroaynsmi c8 of the Jet-Driven Vortex 
The cold-gae vortex chamber model m e  instrumented, 

check the accuracy of the t o t a l  pressure probe. / 

Initis1 inf3trwlPentation for the vortex model. consists of a dial thermoxsEter t o  
nmumre upstream stagxmtion temperature, an upstream pressure tap and a throet 
p).essure tap on each of the four nozzles t o  masure nozzle flow rates, twelve 
s t a t i c  gmesure tap0 s p e d  0.125 inch apart on a radial line on one side-wall 
of the vortex chamber, an8 a t o t a l  pressure probe w i t h  two side tubes for flow 
dibct lon indication. These inotruments have all been installed and are shown 
i n  three photogrephs of the  vortex model, assembled vlth two Inlet nozzles and 

tvo dunllrgr nozzles, Figures 2, 3, and 4. 
of the direct ional  t o t a l  pressure probe are visible  i n  Figure 2, and Figure 3 
shows the lwm-ter l i m s  and connections t o  the twelve s t a t i c  pressure taps. 
Plgure 4 shows the vortex lnodelwith the probing rlg rewwedl the Inter ior  of 
the vortex chamber and the t i p  of the  t o t a l  pressure probe m y  t~ seen. 

The probe traversing rig and the shank 

The vortex model w&s pressure and leak tested by gradually increasing t he  i n h t  
pressure t o  the nozzles, and checking f o r  a i r  leaks. 
no problem, the cosabirvLtion of circular and l inear  O-rings used in the W e 1  
provides a good seal1 however, a t  h a  pressures (80-9 psu) several of the 
nozzles and one of the cast  e m - r e s i n  t ransi t ion piece8 n r ~ u r e d .  
failures were mther gentle, covrsistiog of a crack opening up at  a glued joint, 

Ikalcsgg was found to be 

These 

thus relieylw the pressure; no shattering or fragmsntation of the parts wa8 

experienced. 
fiberglass cloth saturated with  epoxy resin. In addition, larger flanges of 
epoxy resin were cast around the davnstream ends of the t rans i t ion  pieces and 
the aaating upstman ends of the nozzles, t o  provlde additional strength. 
modifications are a l l  c l e a r 4  v i s i b l e  In Figures 2, 3, and 4. 

The failure5 were repaimd by regluing and urapplng the parts with 
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Noise ma an e d d i t i o d  problem. W i t h  a low f l o w  rate thraugh the cbsnbecr, the 
device was ceeentlaUy silent, but as the flaw was lncreased, a whistle 
to  develop whiah eventualJy changed to a scmam, of a hfgh enough Intensity t o  
be p a m l  to everyone in the area, even when earplugs were used. The noise 
WBS found t o  ccnne fromthe a-trcam end of the vortex chamber exit-tube, the 
whis-being due to,- "orgui-pipe" resollsllce crf the exit tube, and the scm8m 
to the interaction of turbulent flow noiec with the vhistle. The screen vas 

eltmlnated by placing a fine-mesh (105 wires per linear inch), high-poroelty 
(47 per cent open) tm-ecn over the exit  tube open-, and the v h i s b  wae 

eliainated by extending the e x i t  tube with a long stmight pipe or a dffAteer 

and straight pigs (as sham in Figure 3) A t  present, the only noise raads by 
the vortex mdel is the uewrl high-frequency flow noloo. 

Several prellmhary te s t  m a w  were arrde t o  check the accuracy of the total 
pressure probe. 
positive dlepbcelaent ccmpreesor, used as the main sir supply, does not rmsin- 
tab a constant upatream pres6ut.e. 
vortex chamber pressure variep 2 to 1D psi. 
off the P u l l  output of the compressor so that it naris continucrusly; a bleed line 
with muifler i s  n w  baing Installed which w i l l  8- the exce66 sir t o  be 
exhausted back to  the atmctspkre. 
vortex chamber is etronger than expected, lesdlng to fabe  fbw-direction indi- 
catiow f r a u  tibe probe. 
between the directional tubes of the probe, but w i l l  ult imte ly  have to be cor- 
xvcte$ by calculation while t a k w  data. 

Two problems arose which are now being aolved, F i r s t ,  the 

Becauile of poor coqpreesor regulation, the 
The easiest solution is to drav 

Seccmd, the radial pressure gradient in t h e  

Thio effect w i l l  be reduced by reducing the distance 

3. 
Aaalytical Studies. Vortex MED f b w s  constrained such 86 t o  produce 8 vanishing 
S Z i r P r t h a l  component of current are be- studied. Modivation for this  study 18 
provided by the posslblllty ead desireability that tha -Bill poten$ial due to t4e 
tangential velocity can actua l ly  be wed t o  reduce azirmthal currents, while the 
HtiU potential due to the radial velocity cafl be nude to enhance the d i a l  flov 
of current. 
Hall affects caa be mlnirpized. 

current: r 

Hall Current Sup~ressim and Nonsquil ihrlum Ionization 

Rrthenwre, the reduction i n  effective plasm conductivity due to  
Consider the expressioas for r a d M  sad a z m t b a l  



Y, for e-, the az isu tha l  current can be made t o  vanish by iaapoaiag the 
condlt I on  

uB - (2fi (Er + VB) 
then the  expression f o r  radial current becomes siPrply 

without the usual reduction in effective conductivity at signlflcant (W?) 

typical  of linear MHD generetors with continuaus electrodes. 

Jr = Q ( E r  + vB) 

U/V = (1J7) (1 - K) 
where K s-EJvB, the local gemrator coefficient whicb I s  In general a function 
OZ position. 
HRD generator, namely 

This  condition, a6 we l l  a8 the equation for pover density In the 

p/v - (vB)* (1 - K) K 
m e t  be considered-for their overa l l  contribution t o  generator perforplancc. 
Other aspects of this condition, which w i l l  be considered in future efforts, 
include the requirement that the radial IEUS flow and current directions are 
identical  and also that the degree of plasm ionization within the vortex volume 
is a constant with respect t o  position. 
the elsctrodt adjacent ta  the  exhaust p e s  serves as a cathode or electron 
emitter. Siace t h i s  is the c o d e r  of the two electrodes, emlssion llmltatlons 
ppay be serious. 
mind the phenolasna of nonequilibrium ionization vhlch occurs f o r  circumstances 
in which the electron gas myr obtain, in the pressure of an e lca t r i c  field, an 
average energy in excess o f t h e  energy of the atom 8nd ions. 

The former requirement -lies that 

The l a t t e r  requirement mast be carefiUy examined kecplng in 

.I 

i 



u - .  _ .  

' 
~ 

~ N. -ATION OF mums AND coNcfiUsm / 

A l l  of the necessary auxiliary appwatuo and instrumentation required in the 
vortex MID generator t e s t  progrem have been coqplated and checked out. 
te6tiag of the generator w i l l  be undertalcen with a b @  Jet  operetinn and 
followed shortly by dual Jet operation. 

The vortex chamber tmtallation bss been successfully operated after sone minor 
problems were corrected. In particular, its design concept appears t o  be quite 
satisfactory. The paaudo-lrrmlr flaw analysis for turbulent vortex flow, which 
rUY ~-~=LJR& cxsrAwr in  =is progrrusr, VIU be correlated with t he  f o r t h e w  
results o f  the v e x  chamber experiaPents. 

Means of suppressing Hall effects in the vortex MEID generator have been indicated. 
The various W i c a t l o n e J  and limits of this SUpPreSSiOrl will be studied further 
In the continuing effort. 

Initial 
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